This study investigated the effect of glutaraldehyde on the synovial tissue of rabbits. Four different concentrations of glutaraldehyde solution were injected into one knee and the contralateral glenohumeral joint of rabbits in group A to group D. The concentration levels used in group A and group B were 1000 ppm and 100 ppm, respectively. For group C and group D, samples of rinsing solutions obtained by rinsing arthroscopic equipment with 1 l or 2 l of isotonic saline, respectively, after immersion in 2% glutaraldehyde were used. The contralateral knee and ipsilateral glenohumeral joint of the same rabbits were injected with saline and used as control sites.
Introduction
Glutaraldehyde, a powerful cold disinfectant, is widely used to sterilize various items of endoscopic equipment. Despite having several advantages in terms of rapid effectiveness, low cost and relative safety, several authors have reported various gastrointestinal, respiratory and ocular sideeffects associated with exposure to this solution. 1 -5 The observation of postarthroscopic synovitis in a considerable number of patients who had undergone knee arthroscopy led our surgical team to study a possible correlation between the use of glutaraldehyde as a disinfectant and this complication. The clinical diagnosis of postarthroscopic synovitis was confirmed by re-arthroscopy in all cases.
Arthroscopic equipment is immersed in 2% glutaraldehyde for 15 -20 min before surgery to achieve sterilization. Before insertion into the knee joint, the instruments are rinsed with isotonic solution. 1 -8 The use of an inadequate amount of isotonic solution for rinsing may result in some glutaraldehyde remaining on the surface of the equipment. Various effects of glutaraldehyde on the gastrointestinal, respiratory, urinary and ocular systems have been reported and studied experimentally. All of these systems are anatomically open systems and are covered by an epithelial layer. Their anatomical, histological and physiological properties not only protect the structures beneath the epithelium, but also tend to remove foreign materials by their secretions. In contrast, synovial joints are closed anatomical spaces and are vulnerable to the toxic effects of glutaraldehyde. 1 Many authors have studied the toxic effects of glutaraldehyde on synovial tissue, but the majority of these reports are clinical series. 9 -16 The purpose of this study was to experimentally investigate a possible toxic effect of various concentrations of glutaraldehyde on the synovial tissue of large joints in rabbits.
Material and methods

RABBITS AND SOLUTIONS
The local ethics committee approved this study. Rabbits were randomly divided into four study groups (A to D). One knee and the contralateral glenohumeral joint of each rabbit were injected with 0.5 ml of test solution. The contralateral knee and ipsilateral shoulder joint were used as control sites and were injected with the same amount of saline. Rabbits in each group were paired randomly, and the test/control sites of each rabbit were determined by flipping a coin. For group A and group B, glutaraldehyde solution at concentrations of 1000 ppm and 100 ppm, respectively, were used as the test solution administered into the knee joints of the rabbits. Arthroscopic equipment was immersed in 2% glutaraldehyde for sterilization and then rinsed with 1 l of isotonic saline (0.9% NaCl); the resulting rinsing solution was used as the test solution for the knees of group C. In a similar manner, the testing solution for group D consisted of the rinsing solution from arthroscopic equipment rinsed with 2 l of saline after immersion in 2% glutaraldehyde.
JOINT INJECTIONS
All the joint injections were carried out on all the rabbits on the same day. After wiping the joint area with 70% ethanol, the test solution was injected into the joint. The lateral side of the knee joint beneath the patella and the anterior joint capsule of the shoulder were used as the entry points for the injections.
JOINT ANALYSIS
Three randomly chosen rabbits from each group were sacrificed on the first day, three on day 7, and two on day 15 under general anaesthesia. Musculotendinous, vascular and neural structures around the joint capsules were removed, and routine histopathological procedures applied to the joint tissue. Standard light microscopy conducted by the same histopathologist was used to assess the histopathological changes in the synovial tissue. The histopathologist was completely blinded to the group from which the slides came. The existence of inflammation of the synovial tissue was considered to be a positive result.
STATISTICAL ANALYSIS
Kruskal-Wallis and Friedman nonparametric tests were used for statistical analysis (α = 0.05). P-values of < 0.05 were considered significant.
Results
A total of 36 rabbits were used and each group included 9 rabbits at the beginning of the study. The average weight of the rabbits was 1750 g (range 1600 -2100 g). One rabbit from each group (n = 4) died due to environmental factors during the study period.
No histopathological changes were observed in the synovial tissues from the control sites. The absence or presence of N Tosun, F Akpinar, A Dogan Effects of glutaraldehyde on synovial tissue inflammatory changes in the synovial tissue of both the experimental and control joints in the different groups is indicated in Table 1 . Figure 1 shows the changes in the percentage showing inflammatory synovial changes at the experimental sites during the study period. In group A, the difference in inflammation between the test and control sites at the end of day 1 and day 7 was significantly different (P < 0.02); however, this difference disappeared by day 15. In group B, the percentage of joints showing inflammation was significantly different (P < 0.05) between the test and control sites throughout the study period. In group C and group D no differences were observed between the test and the control joints.
On the first day, the occurrence of inflammation was significantly different (P < 0.02) between the experimental sites of group A and group D. By day 7 the occurrence of inflammation in the experimental sites of group A and group B was significantly different (P < 0.02) from the experimental sites in group C and group D. On day 15, group B showed a significant difference (P < 0.05) from group C and group D.
Discussion
Glutaraldehyde was first synthesized by Harries and Tank in 1908. It is a saturated dialdehyde with a molecular weight of 100.12, and it has two active carbonyl groups. Its bacteriocidal activity is achieved via the alkylation of sulphydryl, hydroxyl, carboxyl and amino groups in bacteria, leading to altered RNA, DNA and protein synthesis. 5 Rittenbury and Hench 3 first used 2% glutaraldehyde for the sterilization of endoscopic and anaesthesia equipment in hospitals in 1965. 17 Since the mid-1960s it has been widely used in healthcare facilities, particularly due to its relatively safe and rapid effect. 8, 18, 19 The majority of published papers concerning 2% glutaraldehyde have focused on the effect of this solution on micro-organisms. No teratogenic or mutogenic effects of glutaraldehyde have been demonstrated, but local toxic effects on the ocular, gastrointestinal and respiratory systems, and systemic toxic effects have been reported by several authors. 20, 21 The number of experimental studies of the toxic effects of glutaraldehyde is relatively low, however, and those that do exist focus on systems other than the joints.
Harner et al. 1 reported that when a single rinse is used, the concentration of glutaraldehyde in the rinse basin is between 100 ppm and 300 ppm. If the same rinse is used for five subsequent cases, the concentration of glutaraldehyde in the rinse basin reaches a level of 1000 ppm. Application of a double rinse, or irrigation of the knee joint with 1 l of saline regardless of the rinse technique, decreased the glutaraldehyde concentration to < 10 ppm. Use of glutaraldehyde concentrations of 100 ppm and 1000 ppm in the present study was based on the minimum and maximum expected levels of glutaraldehyde using a single rinse technique for between one case and five cases. The use of samples of rinsing solutions of 1 l or 2 l of saline would represent more realistic levels of glutaraldehyde as encountered in clinical practice. Comparison of the results from group B and group C provided the opportunity to explore the possible similarities and differences between the effects of 100 ppm glutaraldehyde and rinsing solution using 1 l of saline. The significant difference between the results of group B and group C possibly reflects the difference in the glutaraldehyde concentrations in these test solutions.
The disappearance of the significance differences between the test and control sites of group A by day 15 is due possibly to the low number of experimental units. The results of the test and control sites of group C and group D showed no similarity with respect to inflammation.
To conclude, glutaraldehyde induces a diffuse inflammation in contact with synovial tissue at a concentration level of 100 ppm or higher. The degree of synovial inflammation seems to parallel the concentration level of glutaraldehyde. Rinsing with 2 l of saline could be the safest way to prevent postarthroscopic synovitis.
